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license (http://creativecommons.org/Summary Citation-based metrics for journal ranking may provide objective measures to
quantitate a journal’s contribution to scientific progress as reflected by citation, but com-
parison of journals solely based on citation-metrics is unjustified. There are two major types
of citation-based metrics: the count of cites per paper and the count of papers with signif-
icant citations, as exemplified by the h-index. Orthopaedic journals are more likely to be un-
derrated by most citation-based metrics, and this is accounted for by the lower citation
potentials. Ranking of orthopaedic journals based on different citation metrics demon-
strated a reasonably suitable accordance, but numerous orthopaedic journals experienced
greater discrepancies in the measures of the journal’s popularity and prestige. Citation-
based ranking should not be equated with the scholarly performance of a journal; other
criteria to evaluate the “impacts” of journals should be explored as well, such as clinical im-
pacts rated by clinicians. Journal rankings and citation metrics are often used by univer-
sities, hospitals, research institutions, and granting agencies for performance assessment
and resource allocation. The clinical impact and, to a certain extent, the emphasis on the
quality of patient care, are not given the deserved recognition and are not priority consid-
erations. This article sets the tone for a comprehensive review of the journal ranking system
in orthopaedics.
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Figure 1 A graph plotting the number of cites against ranking
of articles published by a researcher. The h-index is read at the
point where the number of top-ranked articles equals the
number of cites. (Data shown are based on the publications of
the corresponding author, K.M. Chan.)
132 S.-C. Fu, K.-M. ChanJournal ranking is primarily devised for the purpose of
evaluating the quality or impact of journals in specific fields.
The most common ranking systems for orthopaedic journals
are those based on citation metrics, such as the journal
impact factor (JIF) [from Science Citation Index (SCI) by
Thompson Reuters] or the SCImago Journal Rank (SJR) indi-
cator (by Elsevier). These citation-based metrics are often
misinterpreted as the quality of the journal or the research
performance of researchers who publish papers in those
journals. A recent movement, the San Francisco Declaration
of Research Assessment [1], has spoken about the misuse of
these journal-based metrics to evaluate research perfor-
mance for promotion and resource allocation.Table 1 Basic characteristics of some common citation-based m
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Researchers are incentivized to publish their works in
journals with higher impact factors and/or higher rankings
within field-specific categories, in order to gain more re-
sources from their institutions or funding bodies. This “rule
of game” of publishing in high impact factor journals is
especially unfavourable for researchers in specific clinical
subspecialties such as orthopaedics. Orthopaedic journals
get lower journal impact factors (JIFs); however, this may
only reflect the differences in citation preference rather
than the quality of the research works published in ortho-
paedic journals.
Moreover, journal ranking based solely on its impact
factor may not truly reflect the impact of the journal with
respect to influences and readership. In view of trans-
lational medicine, the impact of research papers may be
reflected in the inspiration for the development of new
products, implementation of new clinical practices, or new
treatment approaches. These impacts are not counted by
most citation-based metrics, nor are they formally recor-
ded. It follows that researchers who have published papers
with a real clinical impact, but low citation value, may not
get sufficient recognition and hence their research perfor-
mances are underrated.
There is no doubt that research performance can be
evaluated by the quantity and more importantly, the
quality of publication. However, it remains controversial
as to how to evaluate the quality or impact of a
research paper and citation-based metrics cannot be the
sole criteria. It is time to reinvestigate the current
systems for evaluating the impacts of research papers
and hence journal ranking. In this article, we will review
the current journal ranking systems and analyse the
current scenario of journal ranking in the orthopaedic
arena.etrics for journal ranking.
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Currently, there are two major types of citation-based
metrics. The first type is counting the number of cites
received, such as the JIF (a trademark by the Institute for
Scientific Information) [2] and the SJR indicator [3]. JIF is a
measure of the average number of cites per paper published
by a journal. As citation is time-dependent, JIF is arbitrarily
defined as the number of cites received in 1 year by a journal
citing to the papers published in the previous 2 years. As the
citations from different sources may bear different levels of
“impact”, it is necessary to consider the weighting of cita-
tion from different sources. The Eigenfactor score and
article influence score [4] are citation-metrics accounting
for the weighting of citation. The Eigenfactor is a measure of
the proportion of total importance (sum of weighted citation
in the pool) owned by a particular journal, whereas theFigure 2 A number of citation-based metrics including: (A) jour
(SJR); and (D) Source Normalized Impact per Paper (SNIP) are plot
rosciences, immunology) and surgical specialties (obstetrics and
demonstrate that the citation performance of orthopaedics journ
specialties when the citation potential is normalized in SNIP. The
rankings were used for the h-index, SJR indicator, and SNIP. For the
to; while for the Scopus database, the subject category “orthopaearticle influence score is calculated by dividing the Eigen-
factor score with the fraction of papers of the journal rela-
tive to total papers in the pool. In contrast to the 2-year JIF,
both the Eigenfactor score and the article influence score
count citation in a 5-year time frame and self-citation is
excluded. Similarly, the SJR indicator also explores the
“share” of a journal out of the total “impact” in the pool,
and it is normalized with the size of the journal (number of
papers published) and controlled for self-citation (a fixed
level of citation is allowed). As such, JIF is regarded as a
measure of “popularity” [5], whereas the Eigenfactor,
article influence score and SJR indicator are regarded as
measures of “prestige” [6]. Researchers proposed a Y-factor
to measure both popularity and prestige by multiplying the
impact factor and PageRank [5]. However, as these citation
metrics have exhibited a strong correlation, similar journal
rankings have resulted, despite using different citationnal impact factor (JIF); (B) h-index; (C) SCImago Journal Rank
ted against the rankings of journals in different medical (neu-
gynaecology, ophthalmology and orthopaedics). The results
als become better as compared to other medical and surgical
data for JIF was obtained from 2012 SCI, while 2012 Scopus
SCI database, the subject category “orthopaedics” was referred
dics and sports medicine” was referred to.
Figure 3 Figure showing the comparisons between orthopaedic journal rankings based on different citation metrics and database
coverage. Within the same database coverage by (A) Science Citation Index (SCI) and (B) Scopus, rankings by popularity measures
[journal impact factor (JIF), 2 year cites per document] are plotted against rankings by prestige measures [article influence score,
SCImago Journal Rank (SJR) indicator]. In both databases, a suitable correlation [Spearman rho: 0.884 (SCI), 0.959 (Scopus),
p < 0.001] between popularity and prestige measures is detected; notably, some journals still have large discrepancies between
popularity and prestige rankings. When the rankings of similar measures in different databases are compared, the correlation
between popularity measures (C) (Spearman’s rho: 0.979, p < 0.001) is better than that of the prestige measures (D) (Spearman’s
rho: 0.847, p < 0.001). When the prime journal ranking (JIF) in SCI is correlated to that of Scopus (SJR) (E), a good correlation
continues to be observed (Spearman’s rho: 0.887, p < 0.001). Boxplots for the differences in ranks between pairs of citation-based
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Orthopaedic journal ranking 135metrics. Recently, a new citation-based metric, the Source
Normalized Impact per Paper (SNIP) [7] was devised as the
ratio between the journal’s citation count per paper and the
citation potential in its subject field. It aims to allow a direct
comparison of sources in different subject fields with
differing citation potentials.
Count of papers with significant citation
The second type of citation metrics are the h-index [8] and
its derivatives. By ranking the papers according to the
number of cites in descending order, a plot of rank against
the number of cites will give a characteristic curve, in
which the h-index is defined as, at least h papers receiving
h cites for a particular collection of papers (Fig. 1). As
compared to the metrics based on cites per paper, which
only applies to the evaluation of journals, the h-index can
be used to evaluate research performance of individual
researchers, groups of researchers (within a department),
journals, institutions, or even countries. However, the
h-index has major limitations, such as the property of
continually escalating and hence the unfair comparison
between researchers who are at different points of their
research careers, the neglect of citation in highly-cited
papers, and it is field-specific. More than 40 different var-
iants of the h-index have been developed in order to
further explore the information in the graph of the h-index
[9], including the g-index and the R-index, which include
citations in highly-cited papers, the Sc(i) index, which takes
into account the time frame of citation, and the hm-index,
which takes into account co-authorship by expressing the
citation as a fraction of contribution by individual authors
in the citing paper. Although the h-index was originally
developed to denote research performance of scientists, it
has been included in journal ranking systems such as the
SJR as ancillary parameters.
Pros and cons of citation-based metrics
Citation-based journal ranking is affected by the choice of
database (Google Scholar, SCI under ISI web of knowledge,
Scopus), the categorization of journals, and the distortion
through self-citation and coercive citation. The major
criticisms for citation-based metrics include: (1) it is
assumed that all citations denote a positive impact, but
some articles are cited because the reports are incorrect or
controversial; (2) citation patterns are field-specific, thus
comparisons across fields are unjustified; and (3) citation is
time-dependent. Arbitrary selection of time frames for
calculation of citation metrics produces varying results.
These parameters are further complicated by co-
authorship, types of “citable” articles (review/original
research) and the vulnerability of citation-based metrics to
gaming (such as self-citation/other citation bias). The key
characteristics of various citation metrics are displayed inmetrics are displayed in (F), and journals with large ranking discre
generated from 2012 SCI and Scopus databases, respectively. The da
matched journals between SCI “orthopaedics” and “sport sciences”
subject category in Scopus.Table 1. JIF is insufficient, due to a lack of normalization of
confounding factors including cited and citing-side normali-
zation, control of co-authorship, and self-citation. SNIP pro-
vides a better measure of cites per paper, with various levels
of normalization. Measures of “prestige” by the Eigenfactor
score, article influence score, and SJR indicator may better
indicate the importance of a journal within its field with
respect to the extent of citation. The h-index and its de-
rivatives are better metrics for the evaluation of citation-
based research performance of individual researchers,
whereas publishing a paper in journals with citation perfor-
mance is irrelevant to the researcher performance of the
authors. It is well-recognized that research performance is a
complex multifaceted endeavour that cannot be assessed
adequately by means of a single indicator [10].
It is clear that JIF and other measures of “prestige” are
inadequate in order to evaluate specific research papers, in-
dividual researchers, and groups of researchers or in-
stitutions. However, many research administrations and
funding bodies misuse these metrics for evaluation of
research achievement of individual researchers and research
groups/departments (within field andcross-field) for resource
allocation. In addition, young researchers are “educated”
that publications in SCI journals or high impact factor journals
are indicative of adequate research performance and hence
provide better career prospects. The entire publication
business has entered a new era of competition, dictated by
profit-driven, commercial rules. Chief editor(s) are now often
appointed or “employed” by multinational publishers, to
enhance their academic profile,while themain business is run
in accordance with the commercial rules. The main target is
set at achieving a high JIF to attract more submissions (and
hence more business). The vicious cycle continues and the
black market for “professional” writers for SCI papers
emerged insidiously. This is comparable to a never-ending
“paper trail”, fuelling the feverish scene of SCI.
Despite the fact that citation-based metrics are not ideal
for ranking journals, they continue to allow objective com-
parison between individual units who publish articles. We do
not need to abandon the use of citation-basedmetrics, butwe
need to reject the use of citation-basedmetrics as the sole or
major criterion to evaluate research performance, in order to
determine resourceallocation. One should beeducated about
the basics of various citation metrics and their proper usage.
Moreover, other metrics for journal ranking should be
considered for further comprehensive evaluation of journals
and the research performance of researchers.
Analysis of ranking of orthopaedic journals by
various citation-based metrics
Comparisons between subject categories
Discussion will first be focused on the journal rankings of
orthopaedics in contrast to a number of selected surgicalpancies are labelled. The data of rankings in (A) and (B) were
ta of rankings in (C), (D), and (E) were generated from a pool of
subject categories and the “orthopaedics and sports medicine”
136 S.-C. Fu, K.-M. Chanspecialties (obstetrics and gynaecology, ophthalmology)
and medical specialties (neurosciences and immunology),
before comparing journal rankings within the orthopaedic
category. The journal rankings are based on 2012 data from
SCI and Scopus. The plots of JIF, h-index, SJR indicator, and
SNIP indicator against their respective journal rankings in
percentile are displayed in Fig. 2. With respect to JIF
(Fig. 2A), which counts average cites per paper in a journal,
the journals in medical specialties generally surpass those
in surgical specialties. The plot against h-index also reveals
a considerable difference between medical specialty and
surgical specialty (Fig. 2B). Orthopaedic journals in
particular acquire lower JIFs in the top 10% of JIF-based
ranking, as compared to other surgical specialties. How-
ever, this may only reflect a basic difference in citation
patterns. When “prestige” is considered in the SJR2 indi-
cator (Fig. 2C), orthopaedic journals do not get a lower
share of the “prestige” in the citation network as compared
to the other two surgical specialties. In fact, from the
second quartile of the SJR-based ranking, Orthopaedic
journals draw nearer to the journals in medical specialties
and the SJR2 indicators remain higher than the other two
surgical specialties. This may suggest that orthopaedic
journals perform “better” when the “quality” of citation is
considered, in contrast to JIF-based ranking, which mainly
counts “quantity” of citation. When field-specific citation
potential is normalized as shown in the SNIP2 indicator
(Fig. 2D), although the SNIP indicator of top journals in the
orthopaedic/sport medicine category (AJSM: 3.52), is still
the lowest as compared to immunology (10.68), neurosci-
ences (3.788), ophthalmology (3.788), and obstetrics and
gynaecology (4.382), orthopaedic journals gain more ad-
vantages in gross ranking (remained higher than other
medical and surgical specialties from the 10th percentile of
ranking). This implies that the citation potentials (such as
the frequency at which authors cite other papers, the
rapidity of maturation of citation impact, etc.) of ortho-
paedic journals are most likely lower, thus it affects other
citation-metrics if it is not normalized.
Finally, it is important to stress that none of these
citation-based metrics are devised to evaluate journal
quality in essence. The higher number of cites per paper in
journals of medical specialties does not denote a better
research performance than the journals in surgical spe-
cialties. With the advance of citation analysis, a relatively
fairer comparison of citation impact of different journals is
possible. Yet, these metrics mean little to individual pa-
pers, for example, Nature (JIF: 38.597, SJR: 14.747) and
New England Journal of Medicine (JIF: 51.658, SJR: 10.16)
are well regarded as top journals, but the uncited rates are
41.95% and 53.82%, respectively.Comparisons within the orthopaedic category
Different citation-based metrics lead to different rankings.
For example, Journal of Bone and Joint Surgery - Series B
(JBJS-Br) ranked 11th in the SCI ranking in the orthopaedic
category (65 journals), but it ranked third in the SJR ranking
under the orthopaedic/sports medicine category (156 jour-
nals). It is noticeable that the subject categories, the data-
bases, and the citationmetrics used for ranking are differentbetween SCI and SJR rankings; this has been discussed in
earlier reports [11]. When we compare the journal rankings
between popularity (JIF) and prestige (article influence
score) measures in the SCI database (Fig. 3A), the overall
correlation is satisfactory, but The Journal of bone and joint
surgery (American volume) (JBJS-Am) (23) and The Journal
of bone and joint surgery (British volume) (JBJS-Br) (28)
were found to be overrated in the ranking by JIF (Fig. 3F).
This suggests that the “quantity” of citations of these jour-
nals is relatively high, but the “quality” of citations is not
particularly adequate. However, when we compare journal
ranking by popularity (2 year cites per document) and pres-
tige (SJR) measures in the Scopus database (Fig. 3B), the
differences in rankings for JBJS-Am (þ6) and JBJS-Br (þ9) are
less pronounced. The discrepancies may be due to the dif-
ferences in the database coverage or the algorithms of
calculation of prestige measures.
If we combine orthopaedics and sport science categories
in the SCI database and match them to orthopaedics/sport
medicine category in Scopus, we could obtain a comparison
of journal rankings (78 journals shared by both databases)
based on the prime citation metrics (JIF vs. SJR, respec-
tively), or similar citation metrics (JIF vs. 2 year cites per
document, article influence score vs. SJR). The results
demonstrate that rankings by popularity measures in
different databases exhibited satisfactory accordance
(Fig. 3C), but the rankings by prestige measures (Fig. 3D)
displayed discrepancies, especially for JBJS-Br (þ50),
which ranked exceptionally lower in the ranking by the
article influence score. This suggests that database
coverage did not significantly affect the rankings based on
popularity measures (as calculation of JIF is the same as 2
year cites per document), but the differences in algorithms
of prestige measures and database coverage may be more
influential for rankings based on similar prestige measures.
When SJR ranking is plotted against JIF ranking (Fig. 3E), it
is not surprising that the discrepancies in rankings are clear.
A summary of differences in rankings by various SCI and SJR
metrics is displayed in Fig. 3F. There is no apparent trend
for those journals with large discrepancies in comparisons
of ranking (the outliers in the boxplots).
Apart from established journal ranking, authors may be
interested in the 100 most cited orthopaedic papers [12]
and discovered that the majority are clinical papers (76)
from 11 journals. As total cites were used, older papers
from journals with a longer history certainly prevailed, thus
it may not reflect the true citation impacts of orthopaedic
journals. Siebelt et al [13] analysed JIF-based and SJR-
based rankings for 18 chosen orthopaedic journals, and
reported the influence of self-citation on the ranking of
subspecialty journals. However, due to the small sample
size of chosen journals and the lack of analysis of other
confounding factors, the result was inconclusive. Authors
have commented on the quality of orthopaedic journals
based on the number of reports on randomized controlled
trials (RCT) [14], which paid more attention to the clinical
impact of research works. Recently, an internet resource,
“OrthoEvidence” [15], for evidence-based orthopaedic
practice was available to enlist RCT and meta-analysis pa-
pers in the field of orthopaedics. An emerging movement to
explore the clinical impact of research papers and hence
journals is currently in progress.
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Apart from citations, the advance in information technol-
ogy allows other types of measurement of knowledge
transfer. For example, the impact of a journal paper may
be reflected by the number of online views, number of
downloads, and frequency of discussions in web forums.
Article level metrics (by Altmetrics [16]) and the journal
usage factor (by COUNTER [17]) have been developed to
provide records of access to information of published
journal papers, which may compliment the citation impact,
especially for readers who seldom publish. However, similar
to citation-based metrics, these relatively casual forms of
knowledge transfer may also be subject to gaming, prob-
lems of weighting, and normalization, in order to achieve
fair evaluation of the impact of research papers and jour-
nals. The Center for the Study of Interdisciplinarity listed
56 indicators [18] to characterize “research impact”, and
the need of negative metrics for research impact was
advocated [19]. Seemingly, we may need multiple measures
from different angles for the evaluation of research impact.
Apart from the objective measures, journal ranking
could simply be obtained by collecting opinions from
stakeholders. In other forms of ranking related to evalua-
tion of research performance, such as the university
ranking systems (Quacquarelli Symonds Top Universities
[20], Academic Ranking of World Universities [21] and Times
Higher Education [22]), a composite of evaluation schemes
including citation-based metrics and peer-evaluation is
employed. As long as the coverage of peer-evaluation is
representative and the procedure of collection of opinion is
fair and open, it should also be applicable for the evalua-
tion of journals in addition to citation-based metrics.
Evaluation of the clinical impact of
orthopaedic journalsdis it possible?
Evaluation of the research impact of papers/journals
should be derived not only from citation-based metrics, but
also from the research content. Citation-based evaluation
of journals assumes that only citable papers are counted as
research impact. However, especially for clinical journals,
a significant proportion of readers are clinicians who are
heavily inundated with a clinical work load, in particular,
patient care and operative procedures and are only “part-
time” researchers. The average publication output amongst
clinicians is effectively much lower than that of the full
time scientists. By contrast, the high impact factors jour-
nals are largely read and cited by scientists. A growing
“gap” has developed between the clinicians and the sci-
entists in the same discipline of clinical specialties, such as
orthopaedics. There is also an ever growing trend of the
development of subspecialties in orthopaedics, mainly
arising from the need for clinical expertise aimed at patient
care. There is a small group of clinicians attempting to
develop subspecialty journals for the dissemination of new
techniques and clinical information, but shared by a rela-
tively small group of readers and naturally, a very limited
circle of academic citation. These journals often “suffer”
due to an “unjustified” low impact factor or other citation-
based metrics by the current system. However, they are thereal opinion leaders in those subspecialties and they offer
high quality clinical care to patients.
The impact of a clinical journal and its papers is thus,
not solely reflected by citations which are generated by
researchers. The knowledge transfer process that leads to a
better understanding or improvement of clinical practices
should also be counted as an impact. Therefore, journal
ranking systems should also consider ratings from clinicians
as a major stakeholder in the readership. However, despite
the widespread use of peer-evaluation in university
ranking, rating, or voting for clinical impact of research
papers or journals, many difficulties are faced, in order to
achieve a fair and unbiased evaluation system. A greater
effort is required to implement evaluation systems based
on research content as well as citation metrics.Conclusion
No metric is ideal to measure every kind of influence of
research work. Citation-based metrics for journal ranking
are valid in order to quantitate a journal’s contribution to
scientific progress as reflected by citation; however, com-
parison of journals solely by citation-metrics is unjustified.
Orthopaedic journals are underrated, due to the lower
citation potential. Rankings of orthopaedic journals based
on different citation metrics are similar, except some
journals, which have discrepancies in popularity and pres-
tige measures. Citation-based ranking should not be used to
label whether a journal has a low or high impact. Re-
searchers should be aware of the merits and limitations of
various ranking metrics when academic achievements are
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